ABSTRACT
STRUCTURAL GENOMICS
Because of the amount of work required to determine protein functionality, many entries in the Protein Data Bank (Berman et al., 2000) have only partial function annotation. The fraction of such entries is expected to increase rapidly due to recent high throughput studies to determine protein structures (Brenner, 2001) . We report here the development of ConSurf, an automated webbased tool for the identification of functionally important regions in proteins by surface mapping of the level of evolutionary conservation at each amino acid site. * To whom correspondence should be addressed.
METHODOLOGY
The degree of conservation at each amino-acid site is similar to the inverse of the site's rate of evolution; slowly evolving sites are evolutionarily conserved, while rapidly evolving sites are variable. In the ConSurf server, we make use of this concept to identify functional regions in proteins, taking into account the evolutionary relationships among their sequence homologues. Our method improves upon previous methods (Aloy et al., 2001; Innis et al., 2000; Landgraf et al., 2001; Lichtarge et al., 1996; Martz, 2002; Schneider and Sander, 1996; Valdar and Thornton, 2001) , by closely approximating the evolutionary process and by taking into account the phylogenetic relationships among the sequences and the similarity between the amino acids (Armon et al., 2001; Pupko et al., 2002) . A more detailed description of the methodology is provided at http://consurf.tau.ac.il, under 'OVERVIEW', 'QUICK HELP' and 'FAQ'. EXAMPLE: BCL-X L Bcl-X L is a key regulator influencing the release of apoptosis-promoting factors from mitochondria. Running the ConSurf server using the structure of Bcl-X L /Bak peptide complex (Sattler et al., 1997) with a multiple sequence alignment (MSA) of 53 Bcl-X L homologues obtained from the ProtoMap database (Yona et al., 2000) , yields two main surface patches of conserved residues (Figure 1 ). The first patch corresponds to the hydrophobic binding groove formed by the BH1, BH2 and BH3 regions (Adams and Cory, 1998) , where the Bak peptide binds. Interestingly, the conserved region is larger than the contact cleft, suggesting that the Bcl-X L /Bak interface is larger than anticipated based on the Bcl-X L /Bak complex. The second conserved patch corresponds to the BH4 region (present in about half of the sequences) which is known to be required for anti-apoptotic activity and may play a role in the interaction with CED-4 (Adams and Cory, 1998) . Given the same MSA as an input, two other web-servers based on the Evolutionary Trace method (Innis et al., 2000; Lichtarge et al., 1996) and a consensus approach (Martz, 2002) 
